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Abstract
Background—United Kingdom (U.K.) and United States (U.S.) guidelines for risk stratification
after polypectomy differ, as do recommended surveillance intervals.
Objective—To compare risk of advanced colorectal neoplasia at one-year colonoscopy among
patients cross-classified by U.S. and U.K. surveillance guidelines.
Design—Pooled analysis of four prospective studies, 1984-1998.
Setting—Academic and private clinics in the U.S.
Patients—3226 post-polypectomy patients with 6-18 month follow-up colonoscopy.
Measurements—Rates of advanced neoplasia (adenoma ≥ 1cm, high-grade dysplasia, >25%
villous histology, or invasive cancer) at one year, compared across U.S. and U.K. risk categories.
Results—Advanced neoplasia (95% CI) was detected one year post-polypectomy in 3.8%
(2.7%-4.9%) of lower-risk and 11.2% (9.8%-12.6%) of higher-risk patients, by U.S. criteria.
Using U.K. criteria, 4.4% (3.3%-5.4%), 9.9% (8.3%-11.5%), and 18.7% (14.8%-22.5%) of low-,
intermediate-, and high-risk patients, respectively, presented with advanced neoplasia; U.K. high-
risk patients comprised 12% of all patients. All U.S. lower-risk patients were low-risk by U.K.
criteria; however, since the U.K. guidelines do not consider histological features, more patients are
classified as low-risk. U.S. higher-risk patients distributed across the three U.K. categories.
Considering all patients with advanced neoplasia, 26.3% were reclassified by the U.K criteria to a
higher and 7.0% to a lower risk category, with a net 19% benefiting from two-year earlier
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detection. Overall, substitution of U.K. for U.S. guidelines resulted in an estimated 0.03 additional
colonoscopies per five years per patient.
Limitations—Patients were enrolled 15-20 years ago; colonoscopy quality measures were
unavailable. Patients lacking follow-up colonoscopy or with surveillance colonoscopy after 6-18
months, and those with cancer or insufficient baseline adenoma characteristics were excluded
(2076/5302).
Conclusions—Application of the U.K. guidelines in the U.S. could identify a subset of patients
whose high risk may warrant a one-year clearing colonoscopy, without substantially increasing
colonoscopy rates.
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Introduction
Colonoscopic polypectomy likely accounts for much of the recent decline in colorectal
cancer incidence in the U.S. (1) and elsewhere in the Western world (2). On colonoscopic
screening, 20-50% of patients are found to harbor colorectal adenomas, which can progress
to colorectal cancer if not removed (3-5), and patients with resected adenomas are advised to
have follow-up surveillance colonoscopy to reduce their risk of cancer (6-9). Guidelines for
colonoscopy surveillance intervals in the U.S. and U.K. are based on results from controlled
trials and observational studies (6-9). However, the U.S. and U.K. guidelines differ in how
they define risk strata as well as in the recommended surveillance intervals (Figure 1).
In 2006, the U.S. Multi-Society Task Force on Colorectal Cancer and the American Cancer
Society jointly developed guidelines for colonoscopy surveillance intervals after
polypectomy (6) that are based on the number, size, and histology (villous architecture and
degree of dysplasia) of polyps removed, and an update of these guidelines in 2012 (9)
reaffirmed the recommended surveillance intervals. Guidelines of the British Society of
Gastroenterology and the Association of Coloproctology for Great Britain and Ireland (7, 8)
stratify patients into risk groups based on the size and number of adenomas, without
considering histological features. One key difference between the two sets of guidelines is
that the U.K. criteria recommend a single clearing examination at one year for patients
classified as high-risk (i.e., those with ≥ 5 small adenomas or ≥ 3 adenomas at least one of
which is ≥ 1cm). In contrast, the U.S. guidelines recommend follow-up surveillance in 3
years for this type of patient, except that a shorter interval (< 3 years) is recommended for
those with more than 10 adenomas. Patients with 1-2 small adenomas or histological
features of high grade dysplasia (HGD) or villous histology are recommended for a 3-year
follow-up interval under the U.S. guidelines and either no surveillance or a 5-year interval
under the U.K. guidelines. The clinical and public health consequences of using one of these
guidelines rather than the other have not been explored.
We therefore compared the performance of the U.S. and U.K. surveillance guidelines, with
regard to their identification of patients with advanced colorectal neoplasia (adenoma ≥1cm,
presence of high-grade dysplasia (HGD), >25% villous histology, or invasive cancer) as
detected at a one-year colonoscopy.
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Patient and Data Sources
As part of a previously-reported pooled analysis of colorectal neoplasia risk following
colonoscopic polypectomy (10), we assembled patient-level data from eight studies in North
America that met the following criteria: 800 or more study participants; study protocol
requiring complete baseline colonoscopy with removal of one or more adenomas and all
visualized lesions; specified schedule of surveillance follow-up colonoscopies; availability
of end point data regarding the adenoma features and colorectal cancers detected at follow-
up; and study findings reported by June 2005. The current analysis uses data from patients in
the four prevention trials whose protocol called for a colonoscopy one year after the initial
examination: the Antioxidant Polyp Prevention Study (APPS) (11), the Calcium Polyp
Prevention Study (CPPS) (12), the Polyp Prevention Trial (PPT) (13), and the Wheat Bran
Fiber (WBF) study (14). The studies all used self-administered questionnaires to ascertain
age, sex, history of colorectal cancer in first-degree relatives, and history of colorectal
polyps preceding the baseline colonoscopy. Data on the number, size, location and histology
of baseline adenomas were abstracted from endoscopy and pathology reports (10); however,
the pathology reports for some patients did not specify whether villous features were
present, and the CPPS did not record degree of dysplasia for baseline adenomas. The
coordinating centers for each study obtained approval from their respective institutional
review board for the current protocol.
Risk Categories
The U.S. and U.K. surveillance guidelines are described in detail elsewhere (6-9). The 2012
U.S. guidelines group patients into risk categories based on the following findings at
baseline colonoscopy: small (<10 mm) hyperplastic polyps in the rectum of sigmoid; one or
two small (< 10 mm) tubular adenomas; three to ten tubular adenomas; more than ten
adenomas; one or more tubular adenomas >10 mm; one or more villous adenomas;
adenomas with HGD; serrated lesions; serrated polyposis syndrome. The protocols for the
four trials included in our current analyses required that patients have at least one adenoma
and a complete baseline colonoscopy with removal of all visible polyps shortly before
enrollment and no data on serrated lesions were routinely collected; thus, our studies only
included patients who would be categorized into three groups based on their surveillance
intervals, which for convenience we have denoted as “lower-risk” (one or two small (< 10
mm) tubular adenomas without HGD), “higher-risk” (any adenoma >10 mm or with villous
histology or HGD, or three to ten adenomas), and “highest-risk” (more than ten adenomas).
The U.K. guidelines stratify patients as: “low-risk”, with only 1-2 small (<1cm) adenomas;
“intermediate-risk”, with 3-4 small adenomas or at least one adenoma ≥1cm (but not both);
and “high-risk”, with ≥ 5 small adenomas or ≥3 adenomas at least one of which is ≥1cm.
Figure 1 depicts the relevant U.S. and U.K. guideline risk groups and the corresponding
surveillance follow-up recommendations.
Outcomes
Advanced colorectal neoplasia detected between six and 18 months post-polypectomy was
the primary endpoint, defined as any adenoma of size ≥1cm diameter, >25% villous
histology (tubulovillous or villous histology), presence of HGD, and/or invasive colorectal
cancer. Neoplasms reported from examinations conducted in the first six months were not
considered as outcomes, as these procedures were likely performed because of concerns
about the completeness of the baseline colonoscopy; only 41 (1.3%) of the total 3226
patients had a procedure within six months of baseline.
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We used characteristics of the adenoma(s) identified at the baseline colonoscopy to cross-
classify patients into risk groups defined according to the U.S. and U.K. surveillance
guidelines. Absolute risk and exact 95% confidence intervals (CI) of advanced neoplasia and
of HGD or invasive cancer at one year post-polypectomy were computed for each risk
group. We compared the net effect of applying the U.K. guidelines to the U.S. using a net
reclassification improvement approach (15, 16), comparing the proportion and direction of
reclassification for those with and without advanced neoplasia.
Our data were from four clinical trials with different interventions intended to prevent
metachronous (recurrent) adenomas, and we evaluated potential heterogeneity by
graphically displaying absolute risk and 95% confidence intervals by treatment arm within
each risk stratum (Supplemental Figures 1a and 1b). As a sensitivity analysis, we computed
risk estimates including the 471 CPPS patients who lacked atypia data, by assuming they
were lower-risk by the U.S. criteria. Analyses were conducted using SAS version 9.2, SAS
Institute Inc. (Cary, NC).
Results
Of the 5302 patients enrolled in the four trials, we excluded three with invasive cancer at
baseline, 221 with no follow-up colonoscopy, and 1062 whose first surveillance
colonoscopy was performed more than 18 months after randomization, leaving 4016 patients
(Table 1). We further excluded patients that could not be classified by both sets of
guidelines: 680 with 1-2 small adenomas but incomplete information regarding degree of
dysplasia and/or villous architecture, and 110 without adenoma size recorded. HGD
information was not routinely collected in the CPPS trial, and 471 of the 790 excluded
patients were CPPS participants with 1-2 small tubular adenomas of unknown dysplasia
status; however, we did include the 44 CPPS participants who had 1-2 small villous
adenomas.
Baseline Characteristics
Participants who were excluded were somewhat younger, had fewer and smaller adenomas,
and were more likely to be missing histology data than those included in the analysis
(Supplemental Table 1). The 3226 patients with sufficient data to be included in our
analyses were predominantly male (70%), with median age (interquartile range) of 64
(57-70) years. The U.S. guidelines assigned 1194 (37%) to the lower-risk group, 2028
(62.9%) to the higher-risk group, and four (<1%) to the highest-risk group. The U.K.
guidelines assigned 1460 (45.3%) to the low-risk group, 1375 (42.6%) to the intermediate-
risk group, and 391 (12.1%) to the high-risk group. Table 2 shows the distribution of
patients across the two sets of risk groups, according to baseline characteristics.
Risk of Advanced Neoplasia
Follow-up colonoscopy was performed at a median of 12.8 months (interquartile range:
12.0-14.1) after baseline. Advanced neoplasms were detected one year post-polypectomy in
273 patients, an estimated absolute risk of 8.5% (95% CI, 7.5%-9.4%); of these, 26, or 0.8%
(95% CI, 0.5%-1.1%), had HGD (n=16) or cancer (n=10). Risk of advanced neoplasia
increased substantially with increasing risk stratum with both the U.S. or U.K guidelines
(Table 3). The highest risk (18.7%; 95% CI, 14.8%-22.5%) was observed in the U.K. high-
risk group; there were too few patients in the U.S. highest-risk group to be informative.
Risks for the lowest-risk groups were similar for the two sets of guidelines (U.S.: 3.8%; 95%
CI, 2.7%-4.9%; U.K.: 4.4%; 95% CI, 3.3-5.4%). Estimated risk was also similar between the
U.S. higher-risk group (11.2%; 95 % CI, 9.8%-12.6%) and the U.K. intermediate-risk group
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(9.9%; 95% CI, 8.3%-11.5%). For the outcome of HGD/colorectal cancer, a similar trend of
increasing risk was seen for both sets of guidelines. Lastly, including the 471 CPPS patients
who lacked HGD data in the U.S. lowest-risk group resulted in absolute risks of 3.6% (95 %
CI, 2.7-4.5) for advanced neoplasia and 0.2% (95% CI, 0.0-0.5) for HGD or colorectal
cancer.
Heterogeneity across Studies
We plotted arm-specific absolute risks of advanced neoplasia for the U.S. and U.K risk
groups by study date (Supplemental Figures 1a and 1b). Risks ranged from 2.2% to 8.5%
and 7.4% to 15.2%for the U.S. lower- and higher-risk groups, respectively. The pattern was
similar for U.K. risk categories. There was no consistent pattern of risk by study date.
Cross-classification of Patients by U.S. and U.K. Risk Strata
All 1194 patients who were lower-risk by the U.S. guidelines were also low-risk by the U.K.
criteria (Table 4, row 1). However, 266 of the 1460 (18%) U.K. low-risk patients (Table 4
column 1; Supplementary Figure 2) had HGD or villous histology and thus were classified
by the U.S. criteria as higher-risk; their absolute risk of advanced neoplasia was higher
(7.1%; 95% CI, 4.1-10.2) than that of the 1194 who remained in the U.S. lower-risk
category (3.8%; 95% CI, 2.7-4.9).
The 2028 patients in the U.S. higher-risk group were distributed across the three U.K. risk
categories: 266 (13%) were U.K. low-risk, 1375 (68%) U.K. intermediate-risk, and 387
(19%) U.K. high-risk (Table 4, row 2; Supplementary Figure 2). Patients reclassified
upwards into the U.K. high-risk group had a higher risk of advanced neoplasia (18.6%; 95%
CI, 14.7-22.5) compared to those who remained in the U.K. intermediate risk group (9.9%;
95% CI, 8.3-11.5). The four patients in the U.S. highest-risk group were all high-risk by the
U.K. criteria, and were too few to provide meaningful risk estimates.
Potential Net Cost and Benefit of Substituting U.K. for U.S Guidelines
Of the 273 patients with advanced neoplasia detected at one year, 72 (26.4%) were correctly
reclassified upwards to a higher U.K. risk category, and would have surveillance
recommendation changed from three- to one-year follow-up, with consequent earlier
detection of their lesion. However, 19 (7.0%) of these patients were incorrectly reclassified
downwards to a lower U.K. risk category, with surveillance recommendation changed from
a three- to five-year colonoscopy, delaying detection of their lesion. Thus, if the U.K.
criteria rather than the U.S. criteria were applied to a population similar to our study, a net
19.4% (53/273) of patients with advanced neoplasia at one year would have their lesion
detected earlier, and this is 1.6% (53/3226) of all patients (Table 4). Of 2953 patients in our
study without advanced neoplasia at one year, 315 (10.7%) were incorrectly reclassified
upwards to a U.K. higher-risk category, with surveillance recommendation changed from
three- to one-year colonoscopy, resulting in no benefit as no advanced lesions are detected at
one year in these patients. However, 247 (8.4%) of these patients were reclassified
downwards to a U.K. lower-risk category, with surveillance recommendation changed from
three- to five-year follow-up. The net effect of applying the U.K. rather than U.S. criteria in
a similar population would be an increase in surveillance colonoscopies for 2.3% (68/2953)
of patients without advanced neoplasia at one year, which is 2.1% (68/3226) of all patients.
To estimate the net change in surveillance colonoscopies associated with following the U.K.
rather than U.S. guidelines, we assumed that following the U.S. guidelines for the higher-
risk group (follow-up colonoscopy every three years) entails 1/3 colonoscopy per year or 1⅔
colonoscopies over 5 years. For the U.K. high-risk group, an additional clearing
colonoscopy is recommended at one year, for an estimated 2 1/3 colonoscopies over a five-
Martínez et al. Page 5













year period (1 colonoscopy in years 1 and 4, and 1/3 in year 5). The recommended
colonoscopy schedule for the U.K. intermediate-risk and the U.S. higher-risk groups is three
years; whereas for the lower-risk groups, it is five to ten years for the U.S. and five years or
no surveillance for the U.K.
Applying these numbers to the proportion of patients observed in each risk group in our
study yields an estimated five-year average of 1.42 colonoscopies per patient using the U.S.
criteria and 1.45 using the U.K. criteria. In practice, no follow-up is the default
recommendation for low-risk patients in the U.K., as per the guideline recommendations (8,
17); although those in the eligible age range are offered average risk screening by fecal
occult blood testing, which is offered to the whole population , and five-year follow-up is
reserved for special circumstances. Forgoing colonoscopy follow-up in these U.K. low-risk
patients would result in an average of 0.99 colonoscopies per patient per five years.
Discussion
Using data pooled from four prospective studies with one-year post-polypectomy follow-up,
we found that the estimated risk of advanced colorectal neoplasia, as well as of HGD/
colorectal cancer, increased across risk categories for both the U.S. and U.K. surveillance
guidelines. Risk estimates in the lowest risk groups were similar between the two sets of
guidelines; however, the U.K. guidelines do not consider histological features and thus
classify substantially more patients into a low-risk category that entails a five-year or no
surveillance colonoscopy. Patients classified as high-risk by the U.K. criteria (≥ 5 small
adenomas or ≥3 adenomas with at least one ≥1cm) comprised 12.1% of the total population
and had an 18.7% absolute risk of advanced neoplasia at one year, substantially higher than
that of the U.S. higher-risk group; the U.K. criteria recommend a single one-year clearing
colonoscopy for these patients rather than waiting for three years. We estimated that the net
result of applying the U.K. criteria rather than the U.S. criteria to a population comparable to
the one we studied would confer clinical benefit (two-year earlier detection of advanced
adenomas) for 19% of patients that harbor these lesions at one year at a net cost of 0.03
additional colonoscopies per five years for all followed patients.
The U.S. surveillance guidelines have been informed by controlled trials of surveillance
intervals. In particular, the NPS reported that the yield of advanced neoplasia in patients
with three-year surveillance colonoscopy only did not differ from patients with both one and
three-year colonoscopy (18). NPS investigators concluded that the first follow-up
colonoscopy can safely be delayed in most patients for up to three years. However, the NPS
also identified a subgroup of patients at substantially increased risk at one year (those with ≥
3 adenomas at baseline), and also suggested that there is a low-risk group for which a much
longer interval might suffice. Our study results generally agree with these observations.
An optimal colonoscopy surveillance program would prevent colorectal cancer mortality
using the most cost-effective follow-up protocol. Substantial evidence indicates that many
U.S. physicians frequently advise patients to have surveillance exams at shorter intervals
than proposed by the guidelines (19-24). These reports illustrate the need for evidenced-
based risk criteria to better inform physicians and improve adherence to guidelines (9). Data
that reliably identify subsets of patients at high- and low-risk for clinically important interval
lesions may provide needed assurance to the endoscopists about the appropriateness of
guidelines. Risk of advanced neoplasia at one year was low for both the U.K. and U.S. low-
risk groups (4.4% and 3.8%, respectively), both of which allow at most two small adenomas.
However, the U.S. lower-risk group excludes patients with villous adenomas or HGD who
would be classified as U.K. low-risk. The recently-adopted European Guidelines for Quality
Assurance in Colorectal Cancer Screening and Diagnosis (25) suggest that programs may
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wish to consider adenoma histology in the risk classification of the low/intermediate risk
groups. However, imperfect agreement within and between pathologists in classifying
villous histology and degree of dysplasia (26, 27) may limit the value of this approach. We
found that patients whose adenomas had villous histology or HGD and were reclassified into
the U.S. higher-risk group from the U.K. low-risk group had a greater risk of advanced
neoplasia than those who remained in the U.K. low-risk group. These results suggest
information on histology and HGD provide additional, though modest discrimination
between lower- and higher-risk patients. A better understanding of this discrimination by use
of quantitative biological markers that capture the underlying biology is warranted for
further refining risk stratification.
While we cannot know with certainty why advanced neoplasms were detected at the one-
year surveillance colonoscopies in our study patients, most of these lesions were plausibly
missed or below the limits of detection at the previous exam. If this assumption is correct,
the quality of the prior colonoscopy may be the principal determinate of one-year advanced
colorectal neoplasia, and high-risk patients, because of large or numerous polyps, may
especially benefit from improved colonoscopy quality. In fact, the 2012 U.S. surveillance
guidelines place emphasis on a high-quality baseline colonoscopy, as this minimizes the risk
of missed lesions (9); this is an important consideration since lack of removal of all polyps
at prior colonoscopy is associated with higher risk of developing colorectal cancer (28).
Wide variation in adenoma detection rates among endoscopists has also been shown to be
associated with risk of interval cancers, especially when the detection rates fall below 20%
(29). Improvements in our understanding of the biology and histological heterogeneity of
colorectal polyps (30, 31), advances in endoscopy techniques (32), and improvements in
colonoscopy quality are likely to lead to fewer missed lesions and higher adenoma detection
rates (33-36).
Strengths of our study include its prospective design, the large population of patients with
scheduled one-year colonoscopies, pooling of patient-level data, and direct comparison of
two sets of surveillance guidelines on the same patients. However, the relatively small
number of patients with HGD or invasive colorectal cancer at one year limited our ability to
compare risk estimates for these rare endpoints. Data were not collected on colonoscopy
quality measures such as withdrawal time, caecal intubation, and endoscopists’ adenoma-
detection rates; thus, we could not determine the extent to which variation in colonoscopy
quality accounted for the findings of advanced neoplasms at the one-year colonoscopy. The
baseline colonoscopies for this study were performed between 1984 and 1998; arguably
colonoscopic technique and quality have changed since that time. Nevertheless, rates of
detection of advanced neoplasia at one year did not appear to vary by study date. Thus, in
spite of recent improvement in endoscopy quality, relative differences between U.S. and
U.K. criteria are likely to persist. Our study population represents patients enrolled in
prevention trials, and their risk distribution may not be representative of the general
population. However, variation in risk among trials was modest, and less than the variation
between risk groups as defined by both the U.K and the U.S. criteria.
In conclusion, our results suggest that the U.K. guidelines identify a subset of high-risk
patients who would benefit from a one-year clearing colonoscopy without substantially
increasing the overall rate of surveillance colonoscopies. Further study of the effectiveness
of including histology in the U.K. criteria is warranted, particularly for patients with low-
risk adenomas. Advanced neoplasia is an important target of colorectal screening and
surveillance, and these risk estimates may help to inform the decision process, for both the
individual patient and the public health community.
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